What does correlation energy really mean? Density functional theory (DFT) enumerates the total energy of electrons into five contributions: 1) the kinetic energy as electrons move in space, 2) the potential energy that binds electrons to nuclei, 3) the Coulomb repulsion energy as electrons repel each other, 4) the exchange energy due to the Pauli exclusion principle, and 5) the correlation energy. Although DFT has become the most widely used theory in describing behaviors of molecules and bulk material, an intuitive meaning of the fifth contribution has remained elusive for over 90 years in the history of quantum mechanics.
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We know how to compute it, but nobody knows what it really means. The term "correlation energy" was introduced by Wigner 1 in the 1930s who pointed out its significance in the field of solid state physics. In quantum mechanics, the method of computing the correlation energy is rooted on a perturbation theory 2 . For example, when there are many electrons in a molecule, each electron is represented by a "molecular orbital," a function describing how the electron is distributed in space. A perturbation theory translates the complex interplay between the electrons into a complex mathematical expression involving the molecular orbitals. The higher the order of the perturbation, the more accurate the energy becomes. In this view, the correlation energy is the 2 nd order onward with exceedingly more complicated expression from one order to the next. Indeed, there are many methods which can calculate the energy very accurately such as the Coupled-Cluster theory 3 , Configuration Interaction 2 ,
and Moller-Plesset perturbation theory 4 . Through the complexity of theoretical formulations, one may use the molecular orbitals to compute the correlation energy very accurately; but one still does not know what it means.
If we want to understand the correlation energy from the perspective of the density functional theory 5 , we are forced to sort out its meaning using only the electron density. That is, the meaning of the correlation energy must intimately tie to how the electrons arrange themselves in molecules or bulk material. Therefore, we hypothesize that the correlation energy is the energy that tries to keep electrons in order, evenly distributed in a uniform fashion. The hypothesis leads to a very simple expression as follows.
Here, is the total electron density; and is the correlation energy when the density is perfectly uniform, which we use the Chachiyo's formula [6] [7] [8] = ln(1 + + 2 ). The derivation of Eq. (1) is surprisingly simple. As shown in Fig. 1a ) if we conjecture that the correlation energy favors the uniformity of the electron density, then it must assume a maximum value when the gradient parameter = 0. As increases, the energy is diminished which we account for it by using a "gradient suppressing factor" ( ) in a form similar to the shape of a bell curve (Gaussian decay): increasing gradient. It can be determined by considering the limit → 0 which is the case where the density varies very slowly. In this limit, Ma and Brueckner used a perturbation theory to derive an expression for the correlation energy 9 :
Comparing Eq. (2) and Eq. (3) in this limit → 0, as elaborated in the supplementary information, we have = − ℎ⁄ . Hence
as indicated in the Eq. (1). 16 , the results validate the accuracy of the correlation energy functional in Eq. (1).
However, to produce the results as shown one also needs an exchange energy contribution.
Even though the behavior of the exchange energy is known for the most part, there is still a few missing pieces one of which we would like to contribute in this work. It is well known how the exchange energy behaves in two opposing limits: 1) when the electron density is perfectly uniform or varies very slowly 19 , and 2) when the electron density decays very rapidly 20 . Here, we propose an interpolation function which merges the two limits into a 
Here, is the Dirac exchange energy 21 for uniform electron gas; and the parameter = 
1 3 ⁄ is used to represent the gradient of the electron density. Tests on hydrogen through krypton atoms are summarized in Fig. 2 . As shown, the performance of the exchange functional is highly competitive to the well-established ones such as Becke-88 11 , PBE 13 , and the meta-GGA MVS 22 .
Figure 2
Comparisons between this work and the three well-established exchange functionals. The DFT exchange energies were computed at the Hartree-Fock densities using the QZP basis set. Owing to the accuracy of the energy functional in Eq. (1), we further discuss the implications of the hypothesis on the meaning of the correlation energy, both qualitatively and quantitatively.
Qualitatively, it is well known that the correlation energy plays a pivotal role in chemical bonding. This can easily be explained if one subscribes to the idea that the correlation energy favors uniform electron distribution. In the bonding region, the electron density hangs in balance between the two attractive nuclei; so the density becomes mostly uniform in this middle ground. Hence, the correlation energy approaches the maximum value and is expected to contribute appreciably in the bonding region.
Quantitatively, it has been noticed 23 that Local Density Approximation (LDA) theory 24 overestimates the correlation energy roughly by a factor of 2. The LDA is almost identical to the expression in Eq. (1) except that LDA does not have the gradient suppressing factor. In other words, the predicted correlation energy is always at its maximum value for LDA. Since the gradient suppressing factor ( ) ranges from zero to one, a rough estimate would be a factor of 1/2, which would have brought down the LDA's overestimated value roughly to the right one.
Finally, we would like to emphasize that the simple meaning of the correlation energy in this work is not an oversimplification, but rather an accurate description of nature, as evident from the results in Fig 1b) , Table I , and II. At first glance, it may seem very surprising that one could bypass all the complexities of the perturbation theory, and depend directly on the electron density in order to compute the correlation energy. The fact that this can be achieved as illustrated in Eq. (1) the Chachiyo theory of electrons in matter
In Fig. 1b 
